We present results of a systematic search for gravitationally lensed quasars in Pan-STARRS1. Our final sample of candidates comprise of 46 new doubles, 2 new quads, and 6 known lenses, which we discovered independently. In the absence of spectroscopy to verify the lensing nature of the candidates, the main sources of contaminants are likely to be quasar pairs and quasar−star associations. Amongst the independently discovered quads is 2M1134−2103, for which we obtained spectroscopy for the first time, finding a redshift of 2.77 for the quasar. There is evidence for microlensing in at least one image. We perform detailed mass modeling of this system using archival imaging data, and find that the unusually large shear responsible for the diamond-like configuration can mainly be attributed to a faint companion ∼ 4 ′′ away, and to a galaxy group ∼ 30 ′′ away. We also set limits of z ∼ 0.5 − 1.5 on the redshift of the lensing galaxy, based on its brightness, the image separation of the lensed images, and an analysis of the observed photometric flux ratios.
INTRODUCTION
To date, nearly 40 quadruple 1 (quad) and nearly 120 double gravitationally lensed quasars are known. Their value as probes of cosmology and astrophysics has been explored observationally for the past four decades (e.g., see reviews by Claeskens & Surdej 2002; Treu & Marshall 2016 ), yet their number is still a limiting factor for many focused studies (e.g., Oguri et al. 2012; Schechter et al. 2014; Bonvin et al. 2017) . We are currently in a post-Sloan Digital Sky Survey (SDSS; York et al. 2000) era when the large ongoing imaging surveys such as the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS1, hereafter PS1; Chambers et al. 2016) , the Dark Energy Survey (Flaugher et al. 2015) and the Hyper Suprime-Cam Subaru Strategic Program (Aihara et al. 2017) do not (yet) have a spectroscopic counterpart, making it difficult to identify ⋆ Subaru Fellow; e-mail: cerusu@naoj.org 1 http://masterlens.astro.utah.edu/ ; also private communications lensed quasars. As a result, contemporary dedicated searches for lensed quasars rely on selecting their candidates by applying machine learning techniques such as artificial neural networks (e.g., Agnello et al. 2015) or gaussian mixture models (e.g., Williams, Agnello, & Treu 2017 ) to multi-filter photometric catalogues in conjunction with pixel-by-pixel pattern recognition; by looking for flux and position offsets between these surveys and Gaia (e.g., Lindegren et al. 2016; Lemon et al. 2017; Agnello et al. 2017) ; and/or by complementing these with variability information (e.g., Berghea et al. 2017; Kostrzewa-Rutkowska et al. 2018 ).
Encouraged by the serendipitous discovery by Berghea et al. (2017) of the first quad from PS1, PSOJ0147, we have begun a systematic search for lensed quasars in this survey, by cross-correlating sources with the parent AGN catalogue of Secrest et al. (2015) . As the first PS1 data was released in December 2016, mining it for lensed quasars has only recently begun (e.g., Ostrovski et al. 2018) , making it likely that other lensed quasars, including bright, large separation quads, are yet to be found. Given the PS1 sky coverage and depth, Oguri & Marshall (2010) estimate that PS1 contains ∼ 2000 lensed quasars, including 300 quads.
Recently, Lucey et al. (2017, hereafter L17) have announced the discovery of a new bright, large-separation quad, 2M1134−2103. This was a serendipitous discovery, as part of a search for extended 2MASS (Skrutskie et al. 1997) sources in the PS1 footprint, to include as targets for the Taipan Galaxy Survey (da Cunha et al. 2017) . As part of our search, we have independently discovered this system. Here, we aim to present a more in-depth modeling of the archival imaging data, looking in particular to identify the cause for the unusually large shear inferred in L17. In addition, we present for the first time spectroscopic data for this system.
The structure of this paper is as follows: in Section 2 we describe our lensed quasar search technique and the current status, and present the new lens candidate sample. In Section 3 we describe our analysis of the archival imaging data of 2M1134−2103, and in Section 4 our newly acquired spectroscopic data. In Section 5 we present our mass modeling of 2M1134−2103, and provide plausible explanations for the unusually large shear. We conclude in Section 6. Where necessary, we use a flat cosmology with ΩΛ = 0.74 and h = 0.72.
A SEARCH FOR GRAVITATIONALLY LENSED QUASARS IN PS1
PS1 is a wide-field imaging system with a 1.8 m telescope and 7.7 deg 2 field of view, located on the summit of Haleakala in the Hawaiian island of Maui. The 1.4 Gpixel camera consists of 60 CCDs with pixel size of 0.256 arcsec (Onaka & al. 2008; Tonry & Onaka 2008) . The first PS1 data release includes both images and a photometry catalogue (Chambers et al. 2016) . PS1 uses five SDSS-like filters (gP 1, rP 1, iP 1, zP 1, yP 1). The largest survey PS1 performs is the 3π survey, covering the entire sky north of −30 deg declination.
As we did for PSOJ0147, we start our search with the AGN candidates catalog of Secrest et al. (2015) , based on two mid-infrared colors measured with the Wide-field Infrared Survey Explorer (Wright et al. 2010) . We crosscorrelate this catalog with the PS1 catalog using a 2 ′′ radius cone search and keep 48816 candidates which have at least two counterparts. Next we remove candidates within 15 degrees of the galactic plane. Finally, in order to eliminate globular clusters and similar crowded regions we impose the condition that there are no more than five counterparts within 20 ′′ radius. The final sample contains 8997 candidates.
We downloaded postage stamp color JPEG images of the candidates using the PS1 cutout service 2 , which were then inspected visually by three of the authors (CTB, ES and GJT). Pairs with separation a few arcsec between components (consistent with strong lensing by galaxies) and similar colors, triplets with a redder inner component, as well as quads with configurations consistent with canonical lensing configurations were kept. Finally, the other three authors (CER, CDF and AM) graded the remaining sample of 73 candidates judging again by visual appearance, the presence of extended emission or of nearby stars of similar colors (indicating likely stellar contaminants). As is customary in the lens search community, we use the following grading system: 0: unlikely to be a lens; 1: possibly a lens candidate (satisfies only some criteria to be a lens); 2: probably a lens candidate (satisfies most criteria to be a lens); 3: almost certainly a lens (there is almost no doubt that this is a lens). To check for possible emission from the lensing galaxy between bright point sources, we fitted and subtracted the point sources in each post-stamp image (typically in i-band, unless the seeing was better in other bands) using hostlens (Rusu et al. 2016) . Hostlens models an arbitrary number of point-like and extended sources using a common point-spread function (PSF), fitted to the data as a sum of two concentric Moffat (Moffat 1969) profiles. Excluding outstanding red star interlopers, we found such emissions in 10 candidates, although the data are of insufficient quality to resolve them.
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We discover a total of 5 known quads: PSOJ0147, 2M1134-2103, HE 0435-1223, (Wisotzki et al. 2002) , SDSS J1433+6007 (Agnello et al. 2018 ) and another one in Lemon et al. in prep (private communications) , as well as one known double, SDSS J1206+4332 (Oguri et al. 2005) . We note that other known quads with bright lenses, such as 2M1310-1714 (L17), are not included in our sample because the lens light contaminates the infrared colors that the Secrest et al. (2015) AGN catalog is based on. Secrest et al. (2015) note that the chance of misclassifying stars in the AGN catalogue is ≤ 0.041%, so we expect that the main contaminants to our list of candidates, after visual examination, will be quasar + star pairs as well as quasar pairs, as either physically associated binary quasars or projected chance alignments. We give positive grades to quasar pairs without signs of additional emission for two reasons: first, the lensing galaxy may be faint, at high redshift, or difficult to separate from the residuals of the hostlens PSF subtraction. Indeed, this is the case in the PS1 data of 2M1134−2103 (Section 3). Second, because rather than focusing on producing the purest lensed quasar sample, we prefer to include in our sample binary quasars, which may be of interest to the AGN community.
We present our sample of gravitationally lensed quasar candidates that survived visual examination in Table 1 , together with our comments. In the following sections, we focus on modeling imaging and spectroscopic data of 2M1134−2103. While the relative astrometry of the quasar images, measured from VLT-ATLAS (Shanks et al. 2015) , is Here α and δ are the International Celestial Reference System (ICRS) right ascension and declination of the candidates. In "#Comp", which refers to the number of components, we count any object within a radius similar to the separation between the main point sources used to identify the candidate systems, such as possible line of sight contaminants. The measured separation ("Sep.", in arcseconds) is that between the lens candidate point sources or, in case of a quad, the maximum separation between any of the point sources. The magnitude is given in i-band in the AB system for the brightest resolved component. We quote the iMeanPSFMag measurements from the catalogue at http://archive.stsci.edu/panstarrs/search.php; for close separation unresolved systems marked with 1 we quote the aperture magnitude iMeanApMag. We list in this table alphabetic ranking for all systems with an average grade of 1 and above, based on three human graders, as detailed in Section 2, with the exception of one unpublished quad (Lemon et al., in prep) . We follow the following convention for the alphabetic ranking: A: average grade > 2.5; B: average grade > 1.5; C: average grade ≥ 1.
a PS1 imaging suggests a quasar lensing a high-z galaxy, but modeling the observed configuration with glafic results in a large χ 2 value. b Glafic modeling of the observed configuration results in a perfect fit, but the model is underconstrained. The same color composite, after subtracting the four quasar images with hostlens, shows the presence of a lensing galaxy G. Right: Color composite (riz) using PS1 data shows the immediate environment of the lens system, which is located at the center. Image is 60 ′′ on the side. All images are oriented such that North is up and East is to the left.
reported in L17, the VLT-ATLAS data is not publicly accessible. Furthermore, the VLT-ATLAS data have better seeing (0.72 ′′ ) but the PS1 data are deeper. Therefore, we make use of archival PS1 data in our analysis. The processing of the archival PS1 data (Flewelling et al. 2016 ) is described in (Magnier et al. 2016a) , and includes removal of the instrumental signature, image coaddition, as well as photometric and astrometric calibration (Magnier et al. 2016b) . Here, we model the PS1 grizy and VHS Y JKs images independently of L17.
For our detailed modeling of 2M1134−2103 we downloaded from the PS1 and VHS archives 180 ′′ × 180 ′′ cutouts around the system in all available filters, large enough to contain stars to model the PSF and to improve the image orientation. We subtracted the sky background from the VHS images using SExtractor (Bertin & Arnouts 1996) , and resampled all images with Swarp (Bertin et al. 2002) to a common orientation. We measured final pixel scales with Scamp (Bertin 2006) .
We find that modeling the quasar images using nearby stars as PSFs results in significant residuals, which could affect the image flux measurements and the characterization of the lensing galaxy. We therefore use hostlens to improve the fitting in all bands, using an analytical PSF fitted to the data. To remove residuals still remaining at the centers of the three bright quasar images in the rizY JKs bands, we use the PSF reconstruction technique described in Chen et al. (2016) , with the best-fit analytical PSF as a starting point. This technique reconstructs the PSF iteratively, on a grid of pixels, under the assumption that the PSF does not vary across the quasar images. The remaining residuals at the location of the quasar images are small, as can be seen in Fig. 2 .
In the PS1 data we do not detect any sign of the lensing galaxy, which however stands out in the VHS J and Ks images. We model its light profile in these bands simultaneously with the quasar images, using a de Vaucouleurs (de Vaucouleurs 1948) profile commonly used for early-type lensing galaxies. A circular profile fits the emission from the lensing galaxy well, without leaving noticeable residuals. Using a Markov Chain Monte Carlo (MCMC) approach, we find that the lensing galaxy flux is highly degenerate with the effective radius of the de Vaucouleurs profile, and is therefore unreliable.
In order to perform gravitational lens modeling of 2M1134−2103 we need to estimate reliable relative astrometry for the quasar images and the lensing galaxy. For the three brightest quasar images we take the mean and scatter between the measured relative astrometry in different filters (excluding g-band, where the seeing is significantly larger, see Table 2 ), whereas for the lensing galaxy and the faint counter-image D, we only use the J and Ks filters. Indeed, the separation between the brighter images (A, B and C) and the fainter counter-image (D) decreases slightly with increasing wavelength in the PS1 images, because of the progressively increasing flux contribution from the red lensing galaxy. We report our measured astrometry and photometry in Table 2 . Our astrometry is consistent with the one presented in L17 within our 2σ uncertainties.
2M1134−2103: KECK SPECTROSCOPY
The 2M1134−2103 lens system was observed with the Echellette Spectrograph and Imager (ESI; Sheinis et al. 2002) on the night of 2017 Nov 18 UT (program number 2017B U110). The observations utilized a slit with a width of 1 ′′ and the cross-dispersed echellette mode of the spectrograph, which provides a constant dispersion of roughly 11.5 km sec −1 pix −1 over a wavelength range of approximately 3900 to 11000Å. Here, we follow the nomenclature of L17. Two slit position angles were used, one oriented at +46.7
• (N through E) in order to go across lensed images B and C (henceforth the "BC slit") and one oriented at −42.3
• to cover images A and D (the "AD slit"). We obtained three 600 s exposures through the BC slit and four 600 s exposures through the AD slit.
We calibrated the data using a custom pipeline written in Python. The pipeline does a flat-field correction, rectifies the two dimensional spectra, does the wavelength calibration using both arc lamp and night sky emission lines, and subtracts the sky emission. The calibrated data for both slits are shown in Fig. 3 . In the AD slit, the two-dimensional spectra show one bright trace that is heavily blended with a much fainter trace, while the BC slit shows three clearly separated traces. We identify the three traces in the BC slit with components B, A+D+G, and C in the imaging data. Based on the imaging, we expect that the emission from image A completely dominates the central trace.
We extracted one-dimensional spectra from the exposures on both slits using a second Python pipeline that extracts the spectra from each spectral order, applies a response correction based on observations of a spectrophotometric standard, in this case Feige 110, and finally combines the data from each of the 10 spectral orders into one final spectrum. For the AD slit, we only extracted one aperture that we identify with a blend of A, D, and G, while for the BC slit we extracted separate apertures corresponding to B, A+D+G, and C. Note that the AD slit may very well con- Relative astrometry is determined by using information from multiple filters (See Section 3). The units are arcseconds and the sign convention is positive from E to W (x-axis) and from S to N (y-axis). The ICRS position of image A in the PS1 catalogue is (J2000.0) 11:34:40.588 −21:03:23.06. Magnitudes are in the AB (grizy) and Vega (Y JKs) systems, and are corrected for Galactic extinction following Schlafly & Finkbeiner (2011) . The 1σ limiting magnitudes are computed in 2 ′′ -radius blank sky apertures around the system. The errors on magnitudes are those from MCMC, with the minimum uncertainty boosted to 0.005 mag, and do not include zeropoint or PSF uncertainties. The magnitudes of G and GX (see Section 5) should be considered unreliable, as in order for the fit to converge, the effective radius was fixed to < 1 pixel.
tain significant scattered light from images B and C. The extracted spectra are shown in Fig. 4 and all show clear broad emission lines that, furthermore, are indicative of quasars at a redshift of zsrc ∼ 2.77. Thus, the ESI spectra are fully consistent with the interpretation of 2M1134−2103 as a quad lensed quasar. An exact value of the source redshift is difficult to obtain due to the fact that the peaks of the lines used for redshift determination are affected by absorption systems ( Fig. 4 ; also e.g., Lee 2018) . The measured redshift is smaller than the z ∼ 3.5 estimate in L17, based on PS1 colors.
In addition to the broad emission lines, all of the spectra show a number of absorption lines. In the range 5000-7500Å, these correspond to absorption features of Fe and Mg, and are consistent with two separate absorption systems at z abs,1 = 1.554 and z abs,2 = 1.481. The first system has stronger lines in the A+D+G and B spectra, while the second is stronger in the image C spectrum. Although it is possible that these systems may be associated with the primary lensing galaxy, the narrowness of the lines makes this interpretation unlikely. A much stronger indication of the lensing galaxy would be the detection of stellar absorption lines, such as the CaII H and K lines, with widths consistent with the velocity dispersions of >100 km s −1 expected for a massive lensing galaxy. If these corresponded to the redshifts of the absorption features mentioned above, they would be observed at wavelengths longer than the ones plotted in Fig. 4 , where we have extracted robust spectra.
2M1134−2103: GRAVITATIONAL LENS MODELING
We perform gravitational lens mass modeling of 2M1134−2103 with glafic (Oguri 2010), using the observed relative positions of the quasar images and the lensing galaxy as constraints. We do not impose constraints based on the flux ratios, as these might be affected by microlensing, extinction, and intrinsic variability (e.g., Yonehara, Hirashita, & Richter 2008) . However, we analyze the observed flux ratios under the assumptions that they are dominated by extinction, in Section 5.1. We start with the same mass model used in L17, a singular isothermal sphere with external shear (SIS+γ). This model has χ 2 /d.o.f. = 7.5/3 (where d.o.f. stands for degrees of freedom), most of which is due to the difference between the measured and predicted position of image D relative to the lens G. We recover the results of L17, in particular that an unusually large shear of ∼ 0.34 at 44 deg W of N is required to fit this system. Secondly, we fit a model which allows for mass ellipticity, SIE+γ. Indeed, quads have enough constraints to disentangle internal and external sources of shear, and our fit shows a dramatic improvement to χ 2 /d.o.f. = 0.1/1. This model requires a shear of ∼ 0.39, slightly larger than before, and a mass axis ratio of 0.80 +0.10 −0.18 , with the long axis at 37 +5 −13 deg E of N, almost perpendicular to that of the shear. While our imaging data does not have sufficient resolution to fit an elliptical light profile to the lensing galaxy, studies of quads show that the mass and light profiles of lensing galaxies are typically aligned (e.g., Keeton, Kochanek, & Falco 1998; Sluse et al. 2012) .
As both the SIS+γ and SIE+γ models are consistent in their requirement of large external shear, we look for potential sources of shear from the surrounding environment. In Fig. 1 we display a 60 ′′ × 60 ′′ color composite image around 2M1134−2103, which clearly shows a group of red galaxies in the upper right corner, the brightest of which is a i = 19.32 galaxy located at α = 173.6620, δ = −21.0502, 30
′′ from the quad, in the direction of 45 deg W of N. The PS1 and VHS colors of this galaxy imply a photometric redshift of 0.70 ± 0.09, estimated with BPZ (Benítez 2000) . The existence of the galaxy group at this location implies that it is responsible for part of the measured shear. However this is unlikely to be the complete picture, as an SIS profile at the location of this galaxy would require a velocity dispersion of 1100 km/s to produce the measured shear, depending on the redshift of the lensing galaxy in 2M1134−2103. ′′ from image A, also in the direction of the shear, towards south-east. It is unclear whether this new component, which we name GX, is a galaxy or a star, as it is too faint (i ∼ 21.75) to constrain its morphology. Under the assumption that it is a galaxy, its colors suggest a redshift lower than the one of the lensing galaxy, which is only detected in the near-infrared VHS filters. We incorporate GX into a third lensing model, in order to estimate its effect on the external shear. As we do not know the redshifts for either G or GX, we consider the simplest case in which G and GX are modeled as SIS of equal strength, at the same redshift. This model is expected to be an upper limit to the contribution of GX to the lensing configuration, as GX is likely a lower redshift, low mass galaxy. We obtain a good fit with χ 2 /d.o.f. = 2.3/3, and a residual external shear of ∼ 0.19, oriented as before. In this model, the two lenses are located ∼ 4 Einstein radii apart, in units of the Einstein radius of G. Our model shows that GX can explain a significant fraction of the shear we measured in our initial SIS+γ model. We expect that in reality most of the measured shear is an interplay between the effects of GX and the nearby group.
In the analysis above we did not assume particular values of source and lens redshifts, except when we estimated the velocity dispersion of the galaxy group at z ∼ 0.7. The flux ratios are also insensitive to the choice of redshifts, however the estimated time delays depend on them. To estimate the time delays, which are of interest to cosmography studies (e.g, Bonvin et al. 2017) , we use the source quasar redshift zs = 2.77 measured from spectroscopy, and the lens redshift limits we infer below in Section 5.1, z l ∼ 0.45 − 1.5. For z l ∼ 0.45 and the SIS+γ model, the estimated time delays Figure 4 . ESI spectra of 2M1134−2103. Combined light from lensed images A and D, plus any emission from the lensing galaxy is visible in the spectrum extracted from the AD slit (green) as well as that from the BC slit (blue) in the top panel. Spectra of images B (middle) and C (bottom) are extracted from the BC slit. The rms noise of each spectrum is plotted in red. Identified emission and absorption systems are labelled (see further explanation in Section 4). The wide absorption doublet at ∼ 7650Å is telluric. The spectra were smoothed using a 3-pixel boxcar with inverse-variance weighting.
are ∆CB ∼ 7 days, ∆CA ∼ 30 days and ∆CD ∼ 55 days. The order of the image time arrival is the same in all three models, with image C leading. We summarize the main parameters of the mass models we employed in Table 3 , along with the corresponding time delays.
Flux ratio analysis and the lens redshift
We show the measured image flux ratios in Fig. 5 , based on Table 2 . Most of the six ratios show a clear dependence on wavelength. Interpreted as due to extinction, these ratios imply that A is the least reddened image, in agreement with image D being closest to the lensing galaxy, and the major axis of the lensing galaxy being oriented towards B and C, according to the SIE+γ model. We also show in Fig. 5 Here z is the lens redshift, σ is the lens velocity dispersion, e and γ are the lens ellipticity and shear, respectively, and θe and θγ are their orientations (W of N). The time delays (last column) are in units of days.
the predicted flux ratios given by the SIS+γ model. All predicted ratios are above the measured ones, again consistent with extinction. The predicted SIE+γ fluxes are very similar, within ∼ 10%, but the G+GX+γ model predicts a demagnified image A, about as bright as D. All models predict image B to be the brightest, as observed in the VHS data.
The predicted B/C is invariant across all three models, as the shear is almost perpendicular to the direction of these two images. In fact, this ratio is the only one which matches the observations, in the reddest filter. Flux ratios of quasar images have been used in the past to study the extinction properties of lensing galaxies (e.g., Falco et al. 1999) as well as to infer lens redshifts (e.g., Jean & Surdej 1998) . Here, we use them to infer the lens redshift z l as well as the de-reddened flux ratios (relative magnifications) Mi, where i refers to each of the six image pairs, independent of the chosen mass model. Following Falco et al. (1999) , we optimize these parameters as well as the differential extinctions Ei and the shape of the extinction curve R by minimizing
where j is the filter index, superscripts b and r refer to the blue and red images in each pair, respectively, and σij is the magnitude measurement uncertainty. We use the central wavelength of each filter, and the Cardelli, Clayton, & Mathis (1989) extinction function implemented in the code extinction 4 . We perform the minimization using the Nelder-Mead (Nelder & Mead 1965) method implemented in Scipy (Oliphant 2007) , starting from random positions in the parameter space and further exploring around the solution with emcee (Foreman-Mackey et al. 2013) , to ensure that we have found the global solution.
We find the best-fit solution (χ 2 /d.o.f. = 213.4/37) with z l ∼ 0.45, R ∼ 2.5 slightly smaller than the Galactic extinction curve with RV = 3.1, small Ei 0.1 consistent with the results in Falco et al. (1999) of G and D is problematic due to the low image resolution. They are also robust to the choice of the extinction function. Except for B/C, which matches the prediction of the mass models, the flux ratios are smaller than predicted. The quality of the fits is statistically rather poor, although such large χ 2 values are found by e.g., Falco et al. (1999) in other lensing systems as well. In our analysis, we have ignored any contribution from microlensing and quasar intrinsic variability, which can also affect flux ratios chromatically (e.g., Yonehara, Hirashita, & Richter 2008) .
We can look for signs of microlensing by plotting the quasar image spectral ratios. While the overall shape of these ratios is sensitive to observational effects such as suboptimal slit placement and differential refraction, these (as well as differential extinction) should affect both continua and emission lines equally. On the other hand, microlensing is dependent on the size of the source, such that the continuum emission, which originates from a more compact region than the broad emission lines, should be preferentially microlensed. Fig. 6 clearly shows that, when dividing the fluxes of B and C to those of ABC (i.e. the A+D+G signal, dominated by A, and extracted from the BC slit) and of AAD, there is a large jump in the flux ratios at the locations of the SiV/OIV] (∼ 5270Å) and CIV (∼ 5800Å) broad line regions, compared to the surrounding continuum. On the other hand, B/C is relatively flat over the entire plotted range, which means that microlensing affects image A+D (the saddle points of the time arrival surface) but not B and C. A direct comparison of the photometric flux ratios in Fig. 5 with the spectroscopic ratios in Fig. 6 is not possible due to the fact that the spectra are affected by slit losses. Indeed, this can be seen from the monotonic variation in AAD/ABC, which we attribute to the fact that ESI does not use an atmospheric dispersion corrector, thus resulting in flux losses from differential refraction, particularly between the orthogonally placed AD and BC slits. Also, the datasets are not concurrent, and are therefore prone to time-varying microlensing and intrinsic variability effects.
As discussed above, microlensing in particular may affect the inferred lens redshift. We note that due to the low image resolution, proximity to image D, and morphological compactness which may affect the extracted photometry, we could not obtain a robust photometric redshift for this galaxy. Looser but more robust redshift constraints can be set by using the observed image separation and the estimated magnitude of the lens in the filter in which it is brightest. On the one hand, the image separation gives the lens velocity dispersion as a function of redshift; on the other, assuming an early-type spectral template, the measured magnitude can be converted into a rest-frame absolute magnitude as a function of redshift 5 , and then into a velocity dispersion (Faber & Jackson 1976 ). We find a lower limit of z l ∼ 0.5, below which the two velocity dispersion estimates disagree, and an upper limit of z l ∼ 1.5, above which the lens velocity dispersion is ∼ 400 km/s, a value above which the galaxy velocity dispersion function is vanishingly small (Sheth et al. 2003) . The lower limit is close to the value inferred from our flux ratio analysis, and the upper one is consistent with the redshift of the narrow absorption systems identified in Section 4; it is also above the L17 estimate of z l ∼ 1.
CONCLUSIONS AND FUTURE WORK
We have carried out a systematic search for gravitationally lensed quasars in PS1, based on visual examination of cutouts around the AGN source catalogue of Secrest et al. (2015) . We present our sample of 54 promising candidates in Table 1 in order to enable follow-up observations by the interested community. We expect that the main source of contaminants are quasar + star pairs, as well as quasar pairs. As part of our search, we have independently discovered five known quads, including 2M1134−2103. We present, for the first time, spectroscopy of this system, confirming it as a lensed quasar with source redshift z ∼ 2.77. We identify absorption systems at z ∼ 1.5, in three of the resolved quasar images, but we find these to be too narrow to attribute to the lensing galaxy. The image flux ratios show a monotonic dependence on wavelength, which we use to obtain a rough estimate of the lens redshift, under the assumption that the dependence is caused by extinction. The spectral flux ratios show evidence of microlensing in the combined emission from images A and D. Our mass modeling confirms that 2M1134−2103 is affected by large shear, for which we identify two potential sources: a group of galaxies at z ∼ 0.7, 30
′′ from the lens, and another faint companion ∼ 4 ′′ away. Future multi-object spectroscopy is required to determine whether these are part of a larger cluster, or physically associated with the lens. The large image separation, brightness and estimated time delays ranging from several days to several months, depending on the lens redshift, make this a valuable system to use for cosmography (e.g., Bonvin et al. 2017) , provided that the environment can be characterized with future, deep imaging and spectroscopy (e.g., Sluse et al. 2017; Rusu et al. 2017; Wilson et al. 2016) . High resolution Hubble Space Telescope or adaptive optics imaging is necessary to constrain the morphology of the lensing galaxy, and to further constrain the mass models using the expected extended emission from the underlying host galaxy (e.g., Chen et al. 2016; Wong et al. 2017) . stitute for Extraterrestrial Physics, Garching, The Johns Hopkins University, Durham University, the University of Edinburgh, the Queen's University Belfast, the HarvardSmithsonian Center for Astrophysics, the Las Cumbres Observatory Global Telescope Network Incorporated, the National Central University of Taiwan, the Space Telescope Science Institute, the National Aeronautics and Space Administration under Grant No. NNX08AR22G issued through the Planetary Science Division of the NASA Science Mission Directorate, the National Science Foundation Grant No. AST-1238877, the University of Maryland, Eotvos Lorand University (ELTE), the Los Alamos National Laboratory, and the Gordon and Betty Moore Foundation.
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